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Introduct ion
HPLC-UV analytical methods are widely used for determining the content of
active constituents in agricultural and veterinary chemicals. The sensitivity and
robustness of the analytical method is one of the critical factors in accurate
and reliable measurement of the content of the active constituent.

It is well known that the active/analyte content in a sample is determined by
dissolving the sample containing the active and other ingredients in a mobile
phase. The sample passes through the HPLC column, after which the active and
other ingredients are effectively separated. UV absorbance at a particular
wavelength is used to detect the concentration of the active in the mobile
phase as it passes through the flow cell.

When the concentration of the active/analyte in the mobile phase shows a
minor change, the response in the peak area of the HPLC-UV chromatogram
should also show a reliable and proportional change. Most importantly, the
change should be very sensitive and robust, so that the measurement results
obtained via the HPLC-UV analytical method can accurately reflect the good
relationship between the active concentration and the UV peak area.

The slope of the linear relationship between the active concentration in the
mobile phase and the response in the UV peak area can be used to represent
the sensitivity and robustness of the HPLC-UV analytical method.

Relationship between the slope (R) and the molar absorption coefficient (ε)
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There is generally a linear relationship between the signal (peak area, 
S) in the HPLC-UV chromatogram and the concentration (C) of the 
analyte that is injected into the mobile phase within the linear range:

S = R C + b [1]
Where, R is the slope, which solely governs the sensitivity and 
robustness of the measurement: the greater the slope R is, the 
greater the sensitivity and robustness of the measurement are. 

Fig. 1 Relationship between analyte concentration (C) and peak area (S) Fig. 2 Integration of the peak area in the HPLC-UV chromatogram

The peak area (S, mv*t) can be obtained by integrating the peak in the 
chromatogram:
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Where, u is the measurement voltage (mv), which is detected using a 
photomultiplier when illuminated by a UV light, and its value has a 
linear relationship with the UV absorbance (A) of the analyte, i.e.,

u=k·A [3]
Where, k is an instrumental constant related to the photomultiplier 
equipped for the UV detention. The analyte’s UV absorbance, A, is 
dependent on the chemical’s molar absorption coefficient (ε, L mol-1

cm-1) at the particular wavelength, the path length (L, cm) of the flow 
cell, and the solution concentration (c, mol L-1) in the flow cell, based 
on the Beer-Lambert law, i.e.,

A=ε∙L∙c [4]

So Eq [2] can be rewritten as:
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Based on the modified Beer-Lambert law[1], Eq [5] can be rewritten as:
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Where, F is volumetric flow rate of the mobile phase (mL min-1), N0 is 
the number of moles of the analyte injected.

While the slope R can be calculated based on the equation below:
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Where, V is the volume of the individual injection, and MW is the 
molecular weight of the analyte.

The increase of the sensitivity and the robustness  is particularly important 
when the measurement error (accuracy and/or precision) is relatively larger;

Based on Equation [7],  the slope (R) of the linearity relationship between the 
concentration and the UV absorbance peak area can be increased, by

• increasing the injection volume (V), which could be limited by the HPLC 
instrument settings;

• reducing the volumetric flow rate (F), which could result in the reduction of 
the instrument’s efficiency; and most importantly, 

• choosing a suitable UV wavelength at which the molar absorption coefficient 
(ε ) is at the maximum. 

• The slope R has a proportional relationship with the sensitivity and 
robustness of the measurement, 

• the sensitivity and robustness can be enhanced by choosing a suitable UV 
wavelength at which the molar absorption coefficient (ε ) is at the maximum.

• It is recommended that regulatory guidelines, such as the FAO/WHO 
guidelines (which concern analyses of pesticide technical actives and 
formulated products) encourage choosing a suitable UV wavelength at 
which the molar absorption coefficient (ε ) of the active/analyte is at the 
maximum, as one of the HPLC-UV analytical method validation 
characteristics.
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